We have investigated the hormonal and metabolic effects of thoracic extradural analgesia with bupivacaine in addition to sufentanil 20 g kg 91 in nine patients undergoing coronary artery bypass surgery. A control group received general anaesthesia alone. The catecholamine response was inhibited for 24 h after surgery in patients who had received extradural analgesia, and the cortisol response was suppressed during cardiopulmonary bypass. Blood glucose values were unchanged until 24 h after surgery in the extradural group. There were no significant differences in cardiac index between the two groups of patients, although heart rate and mean arterial pressure decreased before surgery in patients who received extradural analgesia. The benefits of this technique in terms of a reduction in postoperative morbidity remain to be determined. (Br.
Vigorous attempts are made during cardiac surgery to alleviate the pressor effects resulting from the sympathetic response to median sternotomy and cardiopulmonary bypass (CPB). Supplements of anaesthetic drugs and vasodilators may be given, but are frequently ineffective in controlling mean arterial pressure during CPB. Indeed, high-dose opioid anaesthesia, sufentanil 20 g kg
Ϫ1
, cannot completely abolish the catabolic hormonal response to CPB [1] .
Extensive regional block with local anaesthetic agents abolishes the catabolic hormonal responses to pelvic and lower limb surgery [2] . Kehlet has suggested that profound analgesia and inhibition of the hormonal responses to surgery may be associated with improved patient outcome [3] . Occasional studies have suggested improvements in morbidity when extradural analgesia was used for major abdominal surgery [4] , and more recently for peripheral vascular surgery [5] .
Recent reports from the Netherlands and Scandinavia have described the use of thoracic extradural analgesia (TEA) in patients undergoing coronary artery bypass surgery [6] [7] [8] [9] [10] [11] . These studies have addressed mainly the haemodynamic changes and early postoperative outcome [6] [7] [8] 10 ]. An examination of the endocrine effects was limited to a small number of subjects [11] and another study was complicated by the use of etomidate, known to suppress cortisol release [9] . We have made a further investigation of the effects of the combination of TEA and high-dose opioid anaesthesia on the hormonal and metabolic responses to cardiac surgery.
Patients and methods
Patients were recruited from those presenting electively for coronary artery bypass graft surgery (CABG). They had no history of endocrine or metabolic disease and had a normal bleeding time, as assessed by one of the authors (C.M.M.) using a commercially available method (Simplate, OrganonTeknika, UK). Written informed consent was obtained for the study, which was approved by the local Research Ethics Committee (reference No. 90/3496). Patients were allocated by selection of a sealed envelope to receive either general anaesthesia (control group) or thoracic extradural analgesia using bupivacaine in addition to general anaesthesia (TEA group). Premedication comprised diazepam 10 mg orally followed by papaveretum 20 mg and hyoscine 0.4 mg i.m. 60 min before arrival in the anaesthetic room. A radial arterial cannula and a thermodilution pulmonary artery catheter were inserted under local anaesthetic and invasive monitoring of cardiovascular variables was commenced (Marquette Electronics Ltd). An i.v. cannula was inserted for fluid and drug therapy. In all patients baseline measurements of heart rate, arterial, central venous and pulmonary artery pressures, and cardiac output were recorded and a blood sample was collected for measurement of circulating hormones and metabolites. An i.v. fluid load of 14 ml kg Ϫ1 of 0.9 % sodium chloride was given to all patients.
Patients allocated to receive TEA were turned to the left lateral position. An extradural catheter was inserted in a thoracic interspace between T1 and T5. Bupivacaine 0.5 % was given in 2-ml increments into the extradural catheter to achieve a dermatomal block from T1 to L2, as assessed by pinprick and ethyl chloride spray, followed by an infusion of 0.375 % bupivacaine 5-8 ml h
Ϫ1
. General anaesthesia was induced in all patients by i.v. administration of sufentanil 10 g kg Ϫ1 followed by a sleep dose of thiopentone. Pancuronium 0.1 mg kg Ϫ1 was given to facilitate intubation of the trachea and the lungs were ventilated with 50 % nitrous oxide in oxygen. Two additional doses of sufentanil 5 g kg Ϫ1 were given 5 min before sternotomy and the onset of CPB. In all patients, mean arterial pressure (MAP) was maintained between 50 and 75 mm Hg by infusion of i.v. fluids and administration of methoxamine or by vasodilatation with either glyceryl trinitrate or sodium nitroprusside.
Heparin 3 mg kg Ϫ1 was administered before aortic and vena caval cannulation. The bypass priming fluid was Hartmann's solution 2 litre. During CPB, flow rate was 2.4 litre m Ϫ2 using a bubble oxygenator and non-pulsatile flow. Patients were cooled to 28 °C. Protamine 3 mg kg Ϫ1 was used to restore normal coagulation after bypass.
After operation patients were transferred to the intensive care unit. Analgesia was provided by extradural infusion of 0.25 % bupivacaine 5-8 ml h Ϫ1 which was maintained for at least 24 h, and increments of papaveretum 2.5 mg i.v. were used in the control group. A 4 % glucose solution was infused i.v. at 1 ml kg Ϫ1 h Ϫ1 and blood was transfused to maintain a packed cell volume (PCV) of 30-35 %. The trachea was extubated according to usual clinical criteria.
Blood samples were obtained and cardiovascular measurements made at the time shown in table 1. The investigators were unaware of sample identities at the time of analysis. All samples were analysed in duplicate for blood glucose and lactate, plasma nonesterified fatty acids (NEFA) concentrations and PCV by methods described previously [12] . Serum cortisol, insulin and GH concentrations were determined by radioimmunoassay [13] [14] [15] . For cortisol, the intra-and inter-assay coefficients of variation were 3.2 % and 4. , 10 %. For serum insulin, intra-and inter-assay precision at 8.6 mu. litre Ϫ1 was 5.6 % and 8.9 %, respectively. Plasma values of adrenaline and noradrenaline were analysed by high pressure liquid chromatography with electrochemical detection [16] . Intra-assay coefficients of variation were 4 % for noradrenaline and 6 % for adrenaline; inter-assay values were 6 % for noradrenaline and 9 % for adrenaline.
Details of the patients studied are presented as mean (SD). GH values were not distributed normally and are shown as median (range), values below the sensitivity of the GH assay were ascribed that value. All other hormonal and metabolic data and cardiovascular variables are presented as mean (SEM). Differences within groups with respect to the baseline samples were assessed by two-way analysis of variance with Dunnett's test, and between-group differences by one-way analysis of variance. GH data were analysed by Wilcoxon's matched pairs signed rank test for within-group changes, and Wilcoxon rank sum test for differences between groups.
Results
One patient in the TEA group had a severe haemorrhage from the internal mammary artery and data from this patient are not presented.
There were no significant differences between the two groups in age, weight or duration of CPB. Preoperative medication was similar in both groups of patients (table 2) . Four patients in the TEA group received methoxamine (range 4-20 mg) to maintain MAP at 50-75 mm Hg, and all patients in the control group received vasodilators in the period after bypass. after 60 min of CPB (P Ͻ 0.05). Noradrenaline concentrations were significantly greater in the control group from after induction of anaesthesia until 6 h after CPB (samples 2-6, P Ͻ 0.01; samples 7-8, P Ͻ 0.05), and also 24 h after CPB (sample 10, P Ͻ 0.01).
In the control group, plasma concentrations of adrenaline increased from a baseline value of 0.82 (0.14) to 2.40 (0.86) pmol litre Ϫ1 after 60 min of CPB, although this change was not statistically significant. In the TEA group a decrease in plasma adrenaline concentrations from 0.69 (0.15) to 0.14 (0.02) pmol litre Ϫ1 after 60 min of CPB did not reach statistical significance. Adrenaline values were significantly greater in the control group from after induction of anaesthesia until the end of CPB (samples 2-5, P Ͻ 0.05) and 4 h after CPB (sample 8, P Ͻ 0.05). in the TEA group) 24 h after CPB (P Ͻ 0.05). There were no significant differences in serum insulin concentrations between the two groups of patients throughout the study. Serum GH concentrations changed little from baseline values in both groups of patients until after CPB. In the control group, values increased from 1.0 (1.0-1.9) mu. litre Ϫ1 before induction of anaesthesia to 2.6 (1.0-12.6) mu. litre Ϫ1 1 h after CPB (P Ͻ 0.05). In the TEA group, values changed from a baseline value of 1.0 (1.0-3.8) mu. litre Ϫ1 to 3.3 (1.0-12.4) mu. litre Ϫ1 1 h after CPB. There were no significant differences in GH Values between the groups.
CARDIOVASCULAR CHANGES ( fig. 3) 
Mean arterial pressure (MAP)
In the control group, MAP decreased after induction of anaesthesia from 90 (6) to 77 (2) mm Hg after 30 min of surgery (ns). MAP declined further during CPB to 58 (3) mm Hg (P Ͻ 0.01) after 60 min of CPB. Similarly, in the TEA group, MAP decreased after the extradural block and induction of anaesthesia from 91 (4) to 54 (2) mm Hg (P Ͻ 0.001) 
Heart rate
In the control group, heart rate was unchanged from the baseline value of 60 (4) beat min Ϫ1 until it increased significantly after CPB (samples 6-10, P Ͻ 0.05).
In the TEA group, heart rate decreased after the extradural block and induction of anaesthesia from the baseline value of 60 (6) to 51 (2) beat min Ϫ1 after 30 min of surgery (ns). Heart rate increased significantly 6 and 24 h after CPB (samples 9-10, P Ͻ 0.05). There was a significant difference in heart rate between the groups after 30 min of surgery (sample 3, P Ͻ 0.001), 2 h after CPB (sample 7, P Ͻ 0.001) and 4 h after CPB (sample 8, P Ͻ 0.01).
Cardiac index (CI)
Baseline CI values of 2.5 (0.2) litre min Ϫ1 m Ϫ2 were similar in the control and TEA groups. There were no significant changes in CI in either group and no significant differences between groups, although the values in the TEA patients were consistently greater after CPB.
METABOLITES (table 4) Blood glucose
In the control group, blood concentrations of glucose increased from a baseline value of 4.2 (0.1) to 5.6 (0.5) mmol litre Ϫ1 after 60 min of CPB (sample 5) and increased significantly (P Ͻ 0.05) to 6.3 (0.5) mmol litre Ϫ1 2 h after CPB (sample 7). Blood glucose concentrations were unchanged during surgery in the TEA group, and only increased significantly 24 h after CPB to 7.3 mmol litre 91 (P Ͻ 0.01). There were no significant differences in blood glucose concentrations between the two groups of patients. 
Blood lactate
Blood lactate concentrations increased from 0.53 (0.07) mmol litre Ϫ1 to a peak value of 1.68 (0.27) mmol litre Ϫ1 (P Ͻ 0.01) after 60 min of CPB (sample 5) in the control group and then declined slowly. In the TEA group, blood lactate changes followed a similar pattern and increased from 0.71 (0.13) to 1.62 (0.11) mmol litre Ϫ1 after 60 min of CPB. There were no significant differences in lactate concentrations between the two groups of patients.
Plasma non-esterified fatty acids (NEFA)
Plasma NEFA concentrations did not change significantly in either group during the study, and there were no significant differences between the two groups of patients.
Packed cell volume (PCV)
PCV decreased significantly from baseline values in both groups of patients. In the control group there was a significant decrease during CPB and for 2 h after CPB (P Ͻ 0.01 for samples 4-7). In the TEA group, PCV decreased after 30 min of surgery (P Ͻ 0.05) and remained significantly lower than baseline until 6 h after CPB (samples 4-9, P Ͻ 0.01).
After 30 min of surgery, PCV was significantly lower in the TEA group compared with the control group (P Ͻ 0.05).
Discussion
The results show clearly that the catecholamine response to cardiac surgery was abolished by the addition of thoracic extradural analgesia to highdose sufentanil anaesthesia. Furthermore, secretion of cortisol was also decreased during CPB in patients who received TEA. The metabolic sequelae of this inhibition of catabolic hormone secretion in the TEA patients were surprisingly few, apart from blood glucose concentrations which did not increase above 5 mmol litre Ϫ1 until 6 h after CPB. The haemodynamic consequences of TEA were confined to a decrease in heart rate and MAP, particularly after neuronal block; CI was unaffected.
Our findings are consistent with those of a recent Scandinavian study in which extradural block from Tl to T12 was established with 0.5 % bupivacaine followed by low-dose (15 g kg Ϫ1 ) or high-dose (55 g kg Ϫ1 ) fentanyl anaesthesia [11] . A control group of six patients received high-dose fentanyl alone. Circulating concentrations of adrenaline and noradrenaline were significantly lower during CPB in the five patients who received high-dose fentanyl and TEA compared with the control group, and the glucose response to surgery was also decreased. The catecholamine responses to CPB were not completely suppressed by the extradural anaesthetic regimen used in the study described by Liem and colleagues [9] . In 10 patients extradural block was produced with 0.375 % bupivacaine and maintained with 0.125 % bupivacaine and sufentanil (total dose 1.0 g kg
Ϫ1
). General anaesthesia in these subjects comprised etomidate 0.2 mg kg Ϫ1 and midazolam 0.1 mg kg
. A control group of 10 patients received general anaesthesia alone, induced with sufentanil 5 g kg Ϫ1 and midazolam 0.1 mg kg Ϫ1 and maintained using an infusion of sufentanil (total dose 15 g kg
) and midazolam 0.1 mg kg Ϫ1 h
. Adrenaline concentrations increased above baseline values in both groups when CPB was es- Table 4 Mean (SEM) circulating metabolites and packed cell volume (PCV) (for key to samples, see table 1). *P Ͻ 0.05, **P Ͻ 0.01 for within-group differences compared with sample 1. 
tablished. Noradrenaline values in the extradural group were suppressed initially, but increased above baseline during the rewarming phase of CPB. The difference in these findings compared with the present study may be explained partly by the lower concentration of bupivacaine infused by Liem and colleagues to maintain extradural block. The use of etomidate, a potent inhibitor of cortisol secretion, in Liem's study prevents conclusions being drawn about serum cortisol concentrations. The ability of TEA to delay the increase in cortisol secretion during cardiac surgery was an unexpected finding in our study and could not be accounted for by increased haemodilution in these patients. It is well known that TEA has no effect on the cortisol response to upper abdominal and thoracic surgery [17] , although large doses of opioids have been shown to attenuate activation of the hypothalamicpituitary-adrenal axis in cardiac surgery [1] . The additive effects of TEA in this study suggest that afferent neuronal stimulation from the thoracic cavity is an important factor in stimulating cortisol secretion during CPB, although a direct effect on the adrenals through decreased perfusion, or even efferent neuronal block, cannot be excluded.
Other groups investigating the use of TEA in cardiac surgery have addressed the haemodynamic changes [7, 10] . In the study by Liem and colleagues [7] , MAP and heart rate decreased significantly in patients given extradural analgesia, although there was no difference in CI during the study compared with the control group who received general anaesthesia alone. After CPB, more vasodilator therapy was required in the general anaesthetic group to control arterial pressure and prevent myocardial ischaemia. Stenseth and colleagues [10] also found that control of MAP and heart rate in the perioperative period was easier in patients who received TEA. However, almost 90 % of their patients required ephedrine before CPB. After CPB, the control group required more ␤ blockers and vasodilator therapy compared with the TEA patients.
The effect of TEA on outcome after cardiac surgery has received little attention. Joachimsson, Nystrom and Tyden [6] reported tracheal extubation within the first 2 h after operation in a group of patients who received TEA and general anaesthesia with enflurane. In comparison, the mean time to extubation in a control group who received opioid anaesthesia was 10.7 h. Liem and colleagues [8] showed that patients who received TEA awoke earlier after surgery, resumed spontaneous ventilation and the trachea was extubated sooner than control patients. In addition, visual analogue scores for pain, sedation scores and PO2 were significantly better in the TEA group.
The use of thoracic sympathetic block in the medical management of angina pectoris was described as early as 1965 [18] . Blomberg, Emanuelsson and Richsten [19] subsequently studied the effects of thoracic extradural anaesthesia with intermittent bupivacaine in patients with unstable angina. They found that block of cardiac sympathetic afferent and efferent nerves provided effective pain relief and controlled myocardial ischaemia which was refractory to standard medical therapy. The potential benefits of sympathetic block during cardiac surgery require further elucidation. In patients with severe coronary disease and unstable angina, thoracic extradural anaesthesia had beneficial cardiovascular effects; heart rate, preload and afterload were decreased, with no significant effect on cardiac output or coronary perfusion pressure [19] . Subsequent studies showed that TEA was associated with dilatation of stenotic epicardial coronary arteries [20] .
It is of interest that 19 of the 28 patients in Blomberg's study were receiving salicylates, heparin, or both, as part of their drug therapy [19] . The use of heparin after insertion of extradural catheters, and the effects of thoracic sympathetic block on cardiovascular function are important considerations for the use of TEA in cardiac surgery. The concern about heparinization is the risk of extradural haemorrhage and haematoma formation after catheter insertion, which may cause spinal cord compression. In the studies of Liem and colleagues and Joachimsson, Nystrom and Tyden [6] [7] [8] [9] the extradural catheter was inserted the evening before surgery. There were no reports of extradural haematoma or neurological sequelae in these patients. In our study, the patients were either not taking salicylates or had ceased for at least 7 days with normal bleeding times.
In conclusion, we have shown that thoracic extradural anaesthesia with bupivacaine in addition to general anaesthesia with sufentanil 20 g kg Ϫ1 effectively abolished catecholamine, cortisol and GH responses to cardiac surgery, including CPB. Further studies are needed to determine if this inhibition of catabolic hormonal secretion confers any benefit in terms of morbidity and mortality.
